Objective: We aimed to compare perioperative morbidity and mortality and late survival among black, white, and Asian patients undergoing intact abdominal aortic aneurysm (AAA) repair.
Racial disparities in surgical outcomes are well documented, including disparities after abdominal aortic aneurysm (AAA) repair. [1] [2] [3] Whereas the prevalence of AAA is lower in black compared with white patients, black patients have been repeatedly found to have worse outcomes after repair. [4] [5] [6] Several early series using the Veterans Affairs National Surgical Quality Improvement Program data, 7 the Nationwide Inpatient Sample, 8 and Medicare 2 all identified higher rates of perioperative mortality in black patients compared with white patients after open AAA repair on unadjusted analyses. However, these disparities were often mitigated, at least in part, by adjusting for patient demographics, including socioeconomic status, and comorbid conditions.
More recent studies have focused on the interplay between race, socioeconomic status, and hospital quality and have found that black patients more often receive care in low-volume hospitals 8 and that hospitals treating large proportions of black patients have higher mortality for all patients, including their nonblack patients. 2 Osborne et al 9 found that black patients had a higher mortality after AAA repair and that 29% of the disparity was related to comorbidities of the patient, 26% to socioeconomic factors, and 25% to lower hospital quality. They additionally found that black patients less often underwent endovascular aneurysm repair (EVAR), even after adjusting for procedure urgency and characteristics of the patients. 10 Notably, however, these studies used harvard.edu).
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one-half of patients undergoing EVAR. In the modern era, >80% of infrarenal AAA repairs are performed through an endovascular approach, and hospital and surgeon volumes have less of an effect on perioperative outcomes. 11 Furthermore, few studies have evaluated outcomes in other minority ethnic groups, including Asian patients. Whereas Asians make up a minority of patients undergoing AAA repair, small series have described shorter, more tortuous iliac arteries in Asian patients, and this may have an impact on procedural complexity and therefore outcomes. [12] [13] [14] We recently used the Society for Vascular Surgery Vascular Quality Initiative (VQI) registry to describe racial differences in presentation for an initial vascular procedure. 15 We found that black patients more often presented with symptomatic or ruptured aneurysm, which may represent barriers to appropriate screening and referral to a specialist and would certainly contribute to worse outcomes overall. However, the impact of race on outcomes after repair of intact aneurysms in the modern era is less clear. Furthermore, few studies have evaluated perioperative outcomes other than mortality. Therefore, the goal of this study was to expand on our previous analysis by using the VQI to compare perioperative morbidity and mortality and late survival among black, white, and Asian patients undergoing intact AAA repair.
METHODS
The Beth Israel Deaconess Medical Center Institutional Review Board approved this study and waived informed consent because of the use of deidentified data in the VQI.
Population. We performed a retrospective cohort study using the Society for Vascular Surgery VQI, a national clinical registry established as a collaboration between regional quality groups to improve patient care through the prospective collection of clinical data. At the time of this study, the VQI included 17 regions and close to 400 participating hospitals. Within participating hospitals, complete capture of all included procedures is expected, with regular performance reviews to ensure compliance. More information about the VQI can be found at www. vascularqualityinitiative.org. We identified all patients undergoing open or endovascular repair of an infrarenal AAA between 2003 and January 2017 and excluded those with rupture or those with missing race data or race other than white, black, or Asian (n ¼ 818 [3.4%] ). Patients with missing race data or race other than white, black, or Asian were more often treated with open repair (20% vs 17%; P ¼ .04) and at low-volume hospitals (52% vs 37%; P < .001) and had slightly lower rates of chronic obstructive pulmonary disease, coronary artery disease, congestive heart failure, and chronic kidney disease (all P < .05). Hispanic ethnicity was coded separately, with Hispanic and non-Hispanic white patients grouped together and Hispanic and non-Hispanic black patients grouped together, given the low percentage of Hispanic patients. Race and ethnicity were coded by the treating provider at each hospital who enters demographic data, which in many cases comes from how patients self-identify.
Variables. Demographics, comorbid conditions, operative details, and in-hospital postoperative outcomes were identified for all patients. We used the standard formula for body mass index, weight (kg)/height (m 2 ), and a single preoperative creatinine value to estimate the glomerular filtration rate for each patient using the Modification of Diet in Renal Disease study equation, which accounts for the patient's sex and race. 16 Outcomes. The 30-day mortality and long-term mortality were captured using linkage between the VQI and the Social Security Death Index and therefore were considered complete. In-hospital postoperative complications were recorded per the VQI registry and included new stroke, myocardial infarction, pulmonary complications including pneumonia and reintubation, temporary or permanent renal replacement therapy, intestinal ischemia, any postoperative blood transfusion, and reoperation. In the VQI, myocardial infarction is defined as any troponin elevation, electrocardiographic changes, or clinical evidence of myocardial infarction. Pneumonia is defined as any treatment with antibiotics and a chart diagnosis of pneumonia using accepted individual institutional criteria, which may include clinical status, physical examination, chest radiography findings, white blood cell count, and culture. In addition, we recorded hospital and intensive care unit lengths of stay for each patient, including for the subgroup of patients with no complications.
Statistical analysis. Categorical variables were presented as percentages. Continuous, non-normally distributed variables were presented as median (interquartile range). Statistical tests compared three groups: white, black, and Asian patients. When appropriate, analyses of operative and outcome variables were stratified by repair type: EVAR or open repair. Differences between cohorts were assessed using the Fisher exact test for categorical variables. All continuous variables were nonnormally distributed, so we used the Kruskal-Wallis test for these comparisons. Logistic and Cox hazards regression modeling were used to assess the independent association between race and perioperative outcomes and late survival, respectively. White race was used as the reference group for all multivariable models. Purposeful selection was used to identify covariates for inclusion in the models, which allows inclusion of select covariates identified on univariate analysis with P < .1 as well as clinically relevant factors shown to be predictive of adverse events in previous studies. 17 Age, sex, relevant comorbidities, hospital volume, aortic diameter, symptoms, and repair type were thus accounted for in all multivariable models. All variables used in the multivariable models also had <5% missing data. Kaplan-Meier survival estimates were stratified by race and compared using the log-rank test, with all standard errors <10%. All tests were conducted two sided, and a P value of < .05 was considered significant. Statistical analysis was conducted using Stata version 14.2 (StataCorp LP, College Station, Tex).
RESULTS
Demographics. We identified 23,494 patients who underwent AAA repair, of whom 21,961 were white, 1215 black, and 318 Asian. In general, Asian patients were the oldest, were least often female, and had the fewest comorbidities. Conversely, black patients were the youngest, were most often female, and had the most comorbidities (Table I) . Notably, black and Asian patients were more likely than white patients to have renal insufficiency or estimated glomerular filtration rate <30 mg/mL/1.73 m 2 (black, 6.9%; white, 3.6%; Asian, 6.9%; P < .001), and they were more likely to be on dialysis preoperatively (black, 3.6%; white, 0.8%; Asian, 3.1%; P < .001).
Operative details. Black patients were more likely to undergo EVAR as opposed to open repair (black, 87% EVAR; white, 83% EVAR; Asian, 84% EVAR; P < .01), although there was little clinical difference in these rates. Black patients were also the most likely to be symptomatic (black, 16%; white, 9.1%; Asian, 11%; P < .001; Table II) . Asian patients were most likely to undergo repair at a low-volume hospital (black, 40%; white, 37%, Asian, 50%; P < .001). There was no clinically significant difference in aortic diameter. However, we identified statistically significant differences in rates of concomitant iliac artery aneurysms by race, with the highest among black patients (black, 40%; white, 25%; Asian, 31%; P < .001). Among those with iliac artery aneurysms, the mean diameter was greatest among Asian patients (black, 31 mm; white, 30 mm; Asian, 44 mm; P < .01).
Operative variables among the 19,470 patients (83%) undergoing EVAR are outlined in Table III , A. Black and Asian patients had longer operative times (black, 124 minutes; white, 115 minutes; Asian, 124 minutes; P < .001), but the clinical difference was not substantial. Black patients had statistically more blood loss and were more likely to be transfused. Asian patients were most likely to have any endoleak at the end of the case (black, 26%; white, 30%; Asian, 36%; P < .01), including higher rates of type II endoleak (black, 21%; white, 25%; Asian, 28%; P ¼ .02). However, there was no difference in rates of type I or type III endoleak. There was no difference in the amount of contrast material used by race. Not surprisingly, given the disparities in rates of iliac aneurysms, black and Asian patients more often underwent hypogastric coverage with or without coiling (black, 20%; white, 9.3%; Asian, 22%; P < .001). Hypogastric coiling was most common among Asian patients and, interestingly, least common among black patients (black, 14%; white, 16%; Asian, 19%; P < .001), although the rates were clinically similar across all three groups. There was no difference in rates of renal artery angioplasty or stenting, but iliac artery stenting was highest among black patients (black, 12%; white, 6.8%; Asian, 5.7%; P < .001).
Operative characteristics among open repair patients are shown in Table III , B. Procedure time was longest in black patients (black, 282 minutes; white, 210 minutes; Asian, 209 minutes; P < .001). White and Asian patients were most likely to have an epidural placed in addition to general anesthesia (black, 32%; white, 51%; Asian, 52%; P < .001). White patients were more likely to have a tube graft as opposed to a bifurcated graft (black, 21%; white, 41%; Asian, 27%; P < .001). Among patients with bifurcated grafts, Asian patients were the least likely to have an anastomosis to the femoral artery (black, 21%; white, 25%; Asian, 5.4%; P < .01). As in EVAR, black patients had the highest blood loss and were most likely to be transfused. Notably, black patients were the most likely to have been an early (<30 days) conversion from EVAR (black, 3.1%; white, 1.0%; Asian, 1.9%; P ¼ .045).
There was no difference in rates of concomitant procedures by race, except for concurrent infrainguinal bypass (black, 5.5%; white, 2.3%; Asian, 1.9%; P ¼ .04).
Outcomes. Thirty-day mortality was similar across races after EVAR (black, 1.1%; white, 1.1%; Asian, 0.8%; P ¼ 1.0) and open repair (black, 4.3%; white, 2.6%; Asian, 1.9%; P ¼ .33; Table IV ). Asian patients were more likely to have a postoperative myocardial infarction (black, 1.3%; white, 1.5%; Asian, 4.7%; P < .001) or pneumonia (black, 1.1%; white, 0.8%; Asian, 2.2%; P ¼ .01). Black patients more often started new dialysis (black, 1.6%; white, 0.8%; Asian, 0.7%; P ¼ .01), were transfused (black, 17%; white, 9.9%; Asian, 13%; P < .001), and returned to the operating [5] [6] [7] [8] [9] days; Asian, 7 [6-10] days; P < .001). Black patients were more likely to be discharged to a skilled nursing facility (black, 12%; white, 8.6%; Asian, 5.1%; P < .001).
After adjustment for age, sex, comorbidities (including smoking, coronary artery disease, renal insufficiency, and diabetes), hospital volume, repair type, symptom status, and aortic diameter, there was still no difference in 30-day mortality by race (Table V) . However, after adjustment, Asian patients had higher rates of myocardial infarction compared with white patients (odds ratio [OR], 4.0 [95% confidence interval, 2.3-7.0]; P < .001). Black patients were significantly more likely than white patients to be started on new dialysis (OR, 2.3 [1.7-3.1]; P < .001), even after adjusting for contrast material volume and intraoperative renal artery intervention, and were also more likely to return to the operating room (OR, 1.6 [1.2-2.2]; P < .01). Length of stay after adjustment was 0.6 day longer in black patients than in white patients, although this was not significant (P ¼ .07). However, black patients were significantly more likely to be discharged to a skilled nursing facility (OR, 1.7 [1.4-2.0]; P < .001), whereas Asian patients were significantly less likely to be (OR, 0.6 [0.3-0.9]; P ¼ .03).
Unadjusted late survival was higher in Asian patients compared with white and black patients (Fig), with 5-year survivals of 92% compared with 85% in white patients and 84% in black patients. After adjusting for differences in age, sex, comorbidities, and type and urgency of repair, Asian patients still had better late survival (hazard ratio, 0.6 [0.4-0.97]; P ¼ .04; Table VI).
DISCUSSION
After repair of intact AAAs, we found no differences in rates of perioperative mortality by race, but black patients had higher rates of complications, including transfusion, renal failure resulting in dialysis, and reoperation, in the index hospitalization. Conversely, Asian patients had similar rates of perioperative morbidity and lower mortality compared with white patients, although they did have higher rates of postoperative myocardial infarction. Identifying and understanding the etiology of these disparities will allow us to improve the vascular care provided to these patients in the future. We found no difference in perioperative mortality among black, white, and Asian patients, in contrast to much of the literature, in which black patients have been shown to have higher perioperative mortality than white patients. The rates after EVAR were the same across races, but when we compared the ating nonagenarians, the racial disparity broadens, with black patients older than 90 years experiencing an eightfold higher perioperative mortality compared with white patients. However, in our current series, 83% of patients underwent EVAR, and in contrast to prior studies, 10 black patients more often underwent EVAR than white patients (87% vs 83%), which is likely reflective of changing practice patterns and increasing availability of EVAR. This increasing use of EVAR could explain the narrowing gap in outcomes across racial groups. An important contributing factor to racial disparities is unequal access to high-quality centers. Black patients have repeatedly been shown to receive care in lower volume centers with lower volume surgeons. 2, 9, 20, 21 In this series, however, rates of low-volume centers were similar between black and white patients and higher only in Asian patients. Whereas we adjusted for hospital volume in this analysis, the VQI, although it is nationally representative and includes both large, academic medical centers and smaller community hospitals, is still composed of centers interested in quality improvement in vascular surgery. It is likely that there are procedures performed at even lower volume centers that are not included in the VQI, which could also explain the low rate of inclusion of nonwhite patients overall. Thus, we may not be fully capturing the extent of the disparities in this analysis. Our analysis also suggests that black patients may undergo more complex procedures. Whereas we included only patients with infrarenal proximal aneurysm extent in this analysis, black patients more often had iliac artery aneurysms and hypogastric interventions, suggesting more distal extent of disease. Furthermore, the longer operative time and higher blood loss seen may also suggest more difficult procedures. However, we found that black patients were actually more likely to undergo EVAR than white patients, contrary to what has previously been reported. 10 Despite these findings, black patients still experienced comparable perioperative mortality. Our study is somewhat unique in that we compared not only black and white patients but also Asian patients, who have been infrequently studied after AAA repair, given the low prevalence of disease within this 14 Although we could not identify these parameters with the VQI registry, we did find higher rates of iliac artery aneurysms among Asian and black patients compared with white patients, with subsequently higher rates of concomitant iliac artery procedures. The implication of this is not well understood as, at least in the early postoperative period, Asian patients did not have higher rates of reintervention. Although we are unable to identify late reinterventions in this series, Asian patients had the highest late survival. Despite being older, Asian patients were generally healthier before their operationd most likely the basis for their higher rates of late survival.
Further study of late outcomes by race, especially reintervention, may provide more explanation. Finally, whereas several studies compare perioperative mortality by race, few have evaluated additional perioperative morbidity. Although overall rates of morbidity were similar by race, there were some notable discrepancies. Black patients had the highest rates of preoperative renal insufficiency and dialysis but, even after accounting for this, had higher rates of perioperative renal failure resulting in new dialysis. Black patients were more likely to undergo EVAR and therefore to receive a contrast agent load, and among patients undergoing EVAR, black patients received more contrast material. Notably, although this difference was statistically significant, it may not have been clinically significant as the median contrast agent load varied by only 5 mL across races. Perhaps other intraoperative events contributed to higher rates of postoperative acute kidney injury, including the higher blood loss, higher transfusion rates, and longer operative times in black patients. Racial disparities in postoperative renal insufficiency are well described in other specialties, but to our knowledge, no other studies have identified disparities in renal outcomes after AAA repair. [24] [25] [26] Interestingly, black patients were also slightly more likely to return to the operating room in the index hospitalization, with twofold higher rates of return to the operating room after both open repair and EVAR. Unfortunately, we do not have data regarding the indications for reintervention, but this could be related to the higher perioperative blood loss and transfusion rate or potentially could be graft related, especially with the higher rates of concomitant iliac artery aneurysms in black patients. Further research into the explanation of this may be warranted.
These data must be interpreted in the context of the study design. Clinical registries often have incomplete data and limited variable definitions, and in particular, the VQI contains only limited long-term follow-up information. Therefore, although we can account for late mortality, given linkage to the Social Security Death Index, we cannot compare late rates of graft-related complications or reinterventions by race. There are also very low numbers of patients with nonwhite race in the VQI, although this is unsurprising, given the distribution of aneurysmal disease by race, with far fewer aortic aneurysms in black and Asian patients. 4, 6, 22, 23 In addition, several potentially confounding variables cannot be accounted for because of limitations in the data set, including preoperative ejection fraction and other markers of severity of comorbidities. Also, to fully understand racial disparities, social factors must be considered, including socioeconomic status and education, and these variables are difficult to quantify or even to capture in any registry. We attempted to account for hospital volume but are unable to account for socioeconomic status as ZIP code and other identifiers are removed from the VQI data set. Furthermore, there are high amounts of missing data regarding the insurance variable in the VQI, so this is also unable to be accounted for in the analyses. Further study of racial differences after AAA repair is warranted to mitigate these disparities as best as possible. 
